Cytoplasmic domains formation mRNA relocalization Cytoplasmic segregation and its genetic control Maternal-effect mutants Cytoplasmic redistribution and the cytoskeleton A B S T R A C T Establishment and movement of cytoplasmic domains is of great importance for the emergence of cell polarity, germline segregation, embryonic axis specification and correct sorting of organelles and macromolecules into different embryonic cells. The zebrafish oocyte, egg and zygote are valuable material for the study of cytoplasmic domains formation and dynamics during development. In this review we examined how cytoplasmic domains form and are relocated during zebrafish early embryogenesis. Distinct cortical cytoplasmic domains (also referred to as ectoplasm domains) form first during early oogenesis by the localization of mRNAs to the vegetal or animal poles of the oocyte or radially throughout the cortex. Cytoplasmic segregation in the late oocyte relocates non-cortical cytoplasm (endoplasm) into the preblastodisc and yolk cell. The preblastodisc is a precursor to the blastodisc, which gives rise to the blastoderm and most the future embryo. After egg activation, the blastodisc enlarges by transport of cytoplasm from the yolk cell to the animal pole, along defined pathways or streamers that include a complex cytoskeletal meshwork and cytoplasmic movement at different speeds. A powerful actin ring, assembled at the margin of the blastodisc, appears to drive the massive streaming of cytoplasm. The fact that the mechanism(s) leading to the formation and relocation of cytoplasmic domains are affected in maternaleffect mutants indicates that these processes are under maternal control. Here, we also discuss why these mutants represent outstanding genetic entry points to investigate the genetic basis of cytoplasmic segregation. Functional studies, combined with the analysis of zebrafish mutants, generated by forward and reverse genetic strategies, are expected to decipher the molecular mechanism(s) by which the maternal factors regulate cytoplasmic movements during early vertebrate development.
Introduction
Establishment of cytoplasmic domains is an important developmental process by which organelles, membranous material, RNAs, cytoskeleton and certain proteins become confined to particular regions of the oocyte, zygote or embryo. Yolk is largely excluded from the cytoplasmic domains as a result of a process called cytoplasmic or ooplasmic segregation. The latter term has been frequently used in the literature to describe the process by which yolk separates from the remaining components of the cytoplasm (Costello, 1948) . Since cytoplasmic domains formation do not necessarily involve segregation of yolk, in this review we use the term cytoplasmic segregation.
The segregation of cytoplasmic components into specific domains is a hallmark of germ line development in invertebrates. In the nematode C. elegans, P granules, which are determinants of the germ line, are present in the zygote and segregate during the first cleavage into the P1 cell. During ensuing cell divisions a P granule-rich cytoplasmic domain is systematically funneled into one of the two sister cells derived from the P cell lineage. Thus, the cell containing P granules becomes the founder of the germ line (Strome and Wood, 1983) . Ascidian zygotes are a classical model for studying cytoplasmic segregation. Here, cytoplasmic movements lead to specialized cytoplasmic domains, such as the yellow crescent, which gives rise to muscle tissue (Conklin, 1905; Jeffery and Meier, 1983) . Annelid zygotes, such as in leeches, form pole plasms or teloplasms (Fernández and Olea, 1982; Whitman, 1878) . These correspond to conspicuous cytoplasmic domains extending along the animal-vegetal axis that give rise to ectodermal and mesodermal tissue lineages (Fernández and Olea, 1982; Weisblat et al., 1999) . The oocytes of insects such as Drosophila form cytoplasmic domains at the poles of the anteroposterior axis where they act in the determination of cephalic and caudal structures (St Johnston and Nusslein-Volhard, 1992) . The zygote of many mollusks forms a polar lobe that includes a https://doi.org/10.1016/j.mod.2018.08.001 Received 5 July 2018; Accepted 1 August 2018
